Background: Symptoms drive healthcare use among adults with atrial fibrillation, but limited data are available regarding which symptoms are most problematic and which patients are most at-risk.
INTRODUCTION
The perception of symptoms is a major factor in the decision to utilize healthcare services. Symptom perception refers to both the detection of symptoms and the interpretation of symptom meaning. [1] [2] [3] [4] For individuals with atrial fibrillation (AF), symptoms may be interpreted as relatively harmless, resulting in a "wait and see" approach, or might be interpreted as life-threatening and prompt a decision to seek immediate medical attention. 5, 6 Limited data are available regarding the relationship between AF symptoms and healthcare utilization outcomes. 7 Between 1993 and 2004, emergency department (ED) visits for AF increased by 88% in the United States (U.S.), with almost 64% of ED visits for AF resulting in a subsequent hospitalization. 8 Globally, hospitalizations for AF have consistently increased over time, with the most dramatic increases occurring in adults age 65 and older. 9 Two studies using the Outcomes Registry for Better Informed Treatment of AF found that symptoms rated as severe with the European Heart Rhythm Association (EHRA) classification system were a major predictor of hospitalizations. 10, 11 However, the relationship between specific AF symptoms and healthcare utilization outcomes has not been reported. There are a wide range of symptoms experienced by individuals with AF including palpitations, chest pain, shortness of breath, dizziness, exercise intolerance, and fatigue. 12 It is likely that distinct AF symptoms are interpreted differentially, resulting in disparate utilization of healthcare services depending on the specific symptoms present.
Symptom clusters are groups of two or more co-occurring symptoms that are related due to a shared mechanism, covariance, or effect on patient outcomes. [13] [14] [15] [16] Symptom clusters likely have a unique impact on healthcare utilization due to the multiplicative effect of co-occurring symptoms. 2 There are two basic approaches to symptom cluster research: (1) clustering symptom variables and (2) clustering individuals into mutually exclusive groups with similar symptom profiles. 15, 17 Prior work on AF symptom clusters used the approach of identifying clusters of symptom variables. 18, 19 In this work, we use the approach of clustering AF patients in order to examine symptom profiles. Identifying symptom profiles associated with higher rates of healthcare utilization could improve our ability to risk stratify patients and provide individualized support to patients at highest risk for ED visits or hospitalizations. The purpose of this study was to: (1) identify clusters of patients with similar symptom profiles, (2) characterize the individuals within each cluster, and (3) determine whether specific symptom profiles are associated with healthcare utilization (AF-related hospitalizations and ED visits).
METHODS
This was a cross-sectional secondary data analysis using deidentified data from the Vanderbilt AF Registry (VAFR), a single-center clinical biorepository. 20 All VAFR participants provided written informed consent.
Study population
Patients from Vanderbilt cardiology clinics, ED, and in-patient services were consecutively enrolled in VAFR between 2002 and 2015. [20] [21] [22] Inclusion requirements were age 18 years or greater and AF or atrial flutter documented with an electrocardiogram, Holter monitor, rhythm strip, or event recorder. AF was defined as replacement of p-waves with rapid oscillations that varied in size, shape, and timing and were accompanied by irregular ventricular response when atrioventricular conduction was intact. Patients were excluded from VAFR if AF was only present within the first 90 days after cardiac surgery. Our study sample included the 1,501 adults from VAFR with a confirmed diagnosis of AF and a completed baseline symptom survey. We excluded individuals who had atrial flutter but not AF. 
AF symptoms
All participants were asked to complete the University of Toronto AF Severity Scale (AFSS) upon enrollment in VAFR. 20, 24, 25 The third section of the AFSS is a symptom subscale that provides information regarding the presence and frequency of seven common AF symptoms (palpitations, shortness of breath at rest, shortness of breath with activity, exercise intolerance, dizziness, fatigue at rest, and chest pain). 25 Specifically, participants are asked how often they have been bothered by (palpitations) in the past 4 weeks. Subjects respond separately for each symptom on a 6-point Likert scale ranging from none
(1) to a great deal (6) . Internal consistency and test-retest reliability for the symptom subscale have not been reported. However, the AFSS has been used to validate the Canadian Cardiovascular Society Severity in AF scale, a physician-rated measure of symptom severity, correlation between arrhythmia and symptoms, and functional impairment, with scores ranging 0-4: Between class 0 and 4, the AFSS symptom subscale scores increased more than fourfold, demonstrating the ability of this subscale to discern clinically meaningful differences in symptoms. 26 
Healthcare utilization
The second section of the AFSS measures if and how often participants were cardioverted, hospitalized, visited the ED, and/or had specialist clinic appointments in the past 12 months related to their AF. 24 Trained study nurses collected the AFSS either by telephone or during clinic visits, which potentially reduced self-report bias during the collection of these variables. We examined two healthcare utilization variables, hospitalizations and ED visits, because we believe they could be safely reduced with interventions aimed at improving symptom management and self-care. The AFSS healthcare utilization section has low but -month test-retest reliability (0.71) and internal consistency (Cronbach's , 0.67). 27 
Statistical analysis
Clusters were identified using latent class analysis, a type of finite mixture model. 28 Latent class analysis allows for the simultaneous examination of relationships between multiple variables, covariates, and outcomes. 17, 28 28 We conducted a latent class regression analysis in R 3.3.0 using the poLCA package. [28] [29] [30] We used the seven symptoms on the AFSS subscale as our manifest variables. We included 11 sociodemographic and clinical covariates in our latent class model that were known a priori to be associated with AF symptoms or symptom clusters. 7, 12, 19, 26, [31] [32] [33] Covariates were retained in our final adjusted model if they were sta- 
RESULTS

Sample characteristics
Participants were predominantly male (67%) and ranged in age from 18.9 and 88.5 years, with a mean of 58.4 years (±11.9). The sample primarily consisted of individuals with paroxysmal (51.1%) and persistent (43.6%) AF. Our analytic sample size was reduced to 1,291 for our final model due to missing covariate values. We used the 2 test to compare symptom severities of individuals who were and were not included in the analytic sample and found no statistically significant differences (P < 0.05) in symptoms, gender, age, ejection fraction, and coronary artery disease. Individuals who were excluded had more 34 ; therefore, the model indicated by the BIC was selected. The symptom profiles of the various solutions were compared, and the 4-class solution also made the most theoretical and clinical sense, and as such was the optimal solution.
TA B L E 1 Sample characteristics
Latent class symptom characteristics by cluster membership
The asymptomatic cluster consisted of individuals with a high probability of responding "none" for every symptom (Figure 1 ). This cluster had the highest membership (N = 487, 38%). The Highly Symptomatic cluster (N = 142, 11%) is characterized by a high probability to answer "a great deal" for the symptoms of shortness of breath with activity and exercise intolerance, along with a moderate probability of experiencing a "fair amount" to "a great deal" of palpitations, shortness of breath at rest, and fatigue at rest. The With Activity cluster (N = 326, 25%) is characterized by a moderate probability of experiencing most symptoms in the "a little" to "a lot" range. However, the most probable symptoms/symptom ratings in the With Activity cluster are shortness of breath with activity and exercise intolerance rated as "a fair amount" and "a lot." The Mild Diffuse cluster (N = 336, 26%) is characterized by a moderate probability of experiencing most of the symptoms "none,"
"very little," or "a little," and a high probability to report "none" for chest pain. In every class, chest pain was highly or moderately likely to be reported as "none." was the only group that differed significantly by age, with a younger mean age of 56.9 compared to 58.6 for the Asymptomatic cluster (Table 3 ).
Latent class covariates by cluster membership
Impact of symptom clusters on healthcare utilization 3.3.1 ED utilization
Next, we conducted regression analysis with latent class membership as the independent variable and AF-related ED visits as the dependent variable. We used the Asymptomatic cluster as the reference. Membership in the Highly Symptomatic cluster was associated with nearly two and a half times the rate of AF-related ED visits as the Asymptomatic cluster (incident rate ratio [IRR] 2.37, P < 0.001). The With Activity cluster also had an elevated rate of ED visits, with more than one and a half times the ED visits compared to the Asymptomatic cluster (IRR 1.7, P < 0.001). The Mild Diffuse cluster was not associated with a significantly increased rate of ED visits compared to individuals in the Asymptomatic cluster (Table 4 ).
Hospitalizations
Next, we conducted a regression with latent class membership as the independent variable and AF-related hospitalizations as the dependent variable. The Asymptomatic cluster was again used as the class of reference. Results are similar to those for ED visits. Membership in the Highly Symptomatic cluster was associated with nearly two and a half times the rate of AF-related hospitalizations compared to the Asymptomatic cluster (IRR 2.36, P < 0.001). The With Activity cluster had over one and a half times the rate of hospitalizations as the Asymptomatic cluster (IRR 1.67, P < 0.001). Mild Diffuse cluster membership was also associated with an increased the rate of hospitalizations, although to a lesser degree than the other clusters. Mild Diffuse cluster membership resulted in 1.22 times the rate of hospitalizations (P = 0.03) compared to the Asymptomatic cluster (Table 4 ).
DISCUSSION
We discovered four clusters of patients with unique symptom and covariate profiles. When we examined the four clusters for differences in rates of healthcare utilization, the results revealed that individuals in the Highly Symptomatic and With Activity clusters had statistically and clinically significant higher rates of both ED visits and hospitalizations compared to the Asymptomatic cluster. Individuals in the Highly Symptomatic cluster had the highest rates of healthcare utilization. Further, individuals in the Highly Symptomatic and With Activity clusters were fairly similar clinically in terms of the symptoms experienced and clinical covariates. The main clinical differences between the two clusters appear to be the higher probability of experiencing symptoms at rest (dyspnea and fatigue) and a greater proportion of patients with persistent AF, heart failure, and coronary artery disease in the Highly Symptomatic cluster.
The rate of healthcare utilization increased progressively starting with Asymptomatic, Mild Diffuse, With Activity, and Highly Symptomatic clusters. This could be interpreted as a reflection of overall symptom severity. These results align with prior research, which
shows that a composite measure of physician-rated symptom severity, the EHRA severity scale, is a major predictor of hospitalization among adults with AF. 10, 11 Our results expand on this prior knowledge by demonstrating that individuals with specific patient-reported symptom profiles have higher rates of ED visits and hospitalizations, with symptoms at rest (dyspnea and fatigue) being most probable in the Highly Symptomatic cluster. Our results have direct applicability to clinical practice in that patients can be taught to recognize concerning symptom profiles (e.g., seek prompt outpatient management before symptoms progress to occurring at rest). Note: Values are expressed as N (%) or Mean (±standard deviation). AF = atrial fibrillation. * P < 0.05, † P < 0.001. The individuals with the highest rates of both ED visits and hospitalizations belong to the Highly Symptomatic cluster. Individuals in this cluster are likely to experience multiple symptoms, in particular shortness of breath with and without activity, exercise intolerance, palpitations, and fatigue at rest. These individuals are more likely to be obese and have persistent AF, heart failure, and coronary disease when compared to individuals in the Asymptomatic cluster.
TA B L E 3 Covariates by cluster membership
TA B L E 4 Unadjusted incident rate ratios for AF-related ED visits and hospitalizations
Emergency visits Hospitalizations
These results are congruent with prior research that identifies heart failure, 33 coronary disease, 7 and obesity 35 as risk factors for AF symptoms. In contrast to our findings, prior research suggests that AF symptoms are more likely in individuals with paroxysmal (77% have symptoms) versus persistent AF (73%). 36 An examination of specific symptoms by type of AF reveals that while some symptoms are more common in paroxysmal compared to persistent AF (palpitations, 79% vs 52%, respectively), other symptoms are less likely (dyspnea, 23%
vs 58% respectively). 12 Heart failure has previously been shown to increase the risk of hospitalizations among patients with AF. 10 Results of prior studies have been inconsistent in regards to differences in hospitalizations by type of AF, with some demonstrating that patients with persistent AF have more hospitalizations for AF than patients with paroxysmal AF 36,37 and others revealing similar hospitalization rates across the two classifications. 10, 38 Our results augment current knowledge by providing a comprehensive and specific symptom and clinical profile of patients with an elevated rate of AF-related ED visits and hospitalizations.
Using the same data set (VAFR), two AF-specific symptom clusters (the At Rest and With Activity clusters) were previously identified using cluster analysis, an approach that clusters symptoms rather than individuals, resulting in mutually exclusive clusters of symptom variables. 18 In the present latent class analysis, our approach was to cluster individuals, therefore the same symptom may be present in multiple clusters, but differ based on the probability of each Likert scale rating. The results of these two studies are complimentary, with both having a With Activity cluster, which is marked by the symptoms shortness of breath with activity and exercise intolerance. Further, the At Rest cluster from the cluster analysis is similar to the Highly Symptomatic cluster from the latent class analysis, with both including individuals who experience shortness of breath at rest, fatigue at rest, chest pain, and dizziness. The Highly Symptomatic cluster is additionally marked by shortness of breath with activity and exercise intolerance, which remains congruent with the cluster analysis findings, given that 51 out of the 56 individuals in the At Rest cluster also had the With Activity cluster. 18 Neither the cluster analysis with VAFR 18 nor the clusters identified in the present latent class analysis, align with the cluster analysis results conducted using SAFETY trial participants. 19, 39 Reasons for the discrepancy likely include differences in sample recruitment (SAFETY recruited only from inpatient setting), inclusion criteria (SAFETY excluded patients with heart failure), and symptom measurement (SAFETY used a study specific tool whereas VAFR used the AFSS). 19,39
Gender differences
The Highly Symptomatic cluster was equally split between males and females despite the fact that the overall study population was 67% male and 33% female. The With Activity cluster similarly had a greater proportion of females than the overall study population. These results are consistent with prior research which shows that women are more likely than men to experience a significant level of symptoms, negatively impacting their quality of life. 40 VAFR participants did not complete quality of life measures, so we were not able to explore the association of cluster membership with quality of life outcomes. Future research examining the relationship between specific AF symptom profiles and quality of life would be beneficial in determining which patients have the greatest potential to benefit from symptom management interventions.
Age-based differences
Age was not a factor that influenced membership in the Highly Symptomatic or With Activity clusters, although members of the Mild Diffuse cluster were approximately 2 years younger than Asymptomatic cluster members. Consistent with our findings, prior research on AF symptom clusters showed that age may vary for some, but not all, symptom clusters. 19 In that study, AF patients with the cluster of chest pain and palpitations were younger than members of other clusters.
These findings contradict the commonly held belief that AF symptoms are reduced with advancing age.
Implications for practice
Rhythm control strategies (i.e., antiarrhythmic medications and ablation) are a primary means through which AF symptoms are managed.
Therefore, it is not surprising that individuals in the Highly Symptomatic and With Activity clusters were more likely to be on a rhythm control strategy compared to individuals in the Asymptomatic cluster.
In addition to rhythm control, individuals in the Highly Symptomatic or With Activity cluster many benefit from self-care interventions that have the potential to improve AF symptoms and monitoring, thereby reducing ED visits and hospitalizations. The goal of self-care is for patients to adequately monitor, maintain, and manage their health. 41 For example, weight reduction, cardio-respiratory fitness, and cardiometabolic risk factor management reduce AF symptom burden, symptom severity, and arrhythmia recurrence, making weight reduction and physical activity meaningful self-care goals for individuals with symptomatic AF. [42] [43] [44] The standard versus AF-specific management strategy (SAFETY) trial compared standard care to nurse managed home and telephone-based follow-up for hospitalized patients with AF, which included elements related to self-care such as patient/caregiver education and medication management, and resulted in an increased proportion of days alive and out of the hospital. 39 Another important component of AF-specific self-care is heart rate monitoring, which can help patients identify the presence of AF when symptoms are vague or nonspecific. 6 Individuals with clinical profiles associated with increased rates of healthcare utilization (i.e., those with heart failure, obesity, and/or coronary disease who are highly symptomatic) are ideal candidates for AF-specific self-care interventions. However, to date there is a gap in the literature related to comprehensive self-care measures or interventions specific to these individuals.
Chest pain and palpitations were uncommon symptoms in this sample, despite prior reports indicating they are common symptoms of AF. 12, 19 Chest pain was likely to be reported as absent or infrequent by members of every symptom cluster in our study. Palpitations, a symptom commonly associated with AF, had only a low to moderate probability in every cluster we identified. These findings are important since chest pain and palpitations are classic cardiac symptoms and patients may have difficulty interpreting the less cardiac-specific symptoms in this study (e.g., shortness of breath, fatigue). Lack of accurate symptom interpretation influences the response to symptoms, possibly delaying early intervention and prompt treatment. 5, 6 Prompt recognition of symptoms and treatment in a nonurgent outpatient setting has the potential to reduce utilization of the ED and subsequent hospitalizations. Clinicians can apply this research to practice by ensuring that people with AF are educated and knowledgeable about the nonspecific symptoms that often occur with AF, and encouraged to seek early assistance with symptom management in order to avoid potentially avoidable ED visits and hospitalizations. 6, 45 It is plausible that by seeking early outpatient treatment for symptoms, patients may be able to avoid progression to symptoms that occur at rest (shortness of breath at rest, fatigue at rest).
Limitations
Three limitations are worth noting. First, our AFSS healthcare utilization outcomes variables (AF-related ED visits and hospitalizations)
were self-reported and were not verified with medical records.
However, the AFSS was obtained by a trained study registered nurse either by telephone or in person. Consequently, patients with questions regarding their history of AF-related ED visits and hospitalizations had access to study nurses for clarification regarding accurate completion of the AFSS. Second, history of ablation was increased for all latent classes (in comparison to the asymptomatic class). Because of limitations related to our cross-sectional study design and our deidentified data set, we do not know the timing of ablations and what proportion of the hospitalizations reported on the AFSS may be for these (typically) planned admissions. Third, compared with other large scale AF registries, 46,47 our sample is younger, includes more males and Caucasians, and has lower rates of both heart failure and coronary artery disease. Some of these differences, such as heart failure and coronary disease, are likely related to the genetic focus of VAFR and the recruitment strategy of enrolling AF patients and their family members, which likely led to more individuals being enrolled in this registry who lack these particular AF risk factors.
CONCLUSION
We identified four AF-specific symptom clusters using latent class analysis and showed that membership in specific clusters is associated with increased ED visits and hospitalizations. Cluster membership is associated with several sociodemographic and clinical factors, most notably gender, AF type, heart failure, coronary disease, and BMI.
The generalizability of these results remains unclear and an attempts to replicate the findings are warranted. Future research is warranted to verify whether symptom clusters can be used clinically to identify patients at an elevated risk for ED visits or hospitalizations, and whether interventions targeted toward these patients could reduce the rate of ED visits and unplanned hospitalizations, and improve quality of life.
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